Background-Six multivariable models predicting 3-month outcome of acute ischemic stroke have been developed and internally validated previously. The purpose of this study was to externally validate the previous models in an independent data set. Summary of Report-We predicted outcomes for 299 patients with ischemic stroke who received placebo in the National Institute of Neurological Disorders and Stroke rt-PA trial. The model equations used 6 acute clinical variables and head CT infarct volume at 1 week as independent variables and 3-month National Institutes of Health Stroke Scale, Barthel Index, and Glasgow Outcome Scale as dependent variables. Previously developed model equations were used to forecast excellent and devastating outcome for subjects in the placebo tissue plasminogen activator data set. Area under the receiver operator characteristic curve was used to measure discrimination, and calibration charts were used to measure calibration. The validation data set patients were more severely ill (National Institutes of Health Stroke Scale and infarct volume) than the model development subjects. Area under the receiver operator characteristic curves demonstrated remarkably little degradation in the validation data set and ranged from 0.75 to 0.89. Calibration curves showed fair to good calibration. Conclusions-Our models have demonstrated excellent discrimination and acceptable calibration in an external data set.
A multivariable model that could predict outcome after stroke would be useful in clinical trials to assess the balance of treatment groups and to predict expected outcomes of patients who are lost to follow-up. We developed and internally validated a series of predictive risk models for 229 ischemic stroke patients from the Randomized Trial of Tirilazad Mesylate in Patients with Acute Stroke (RANT-TAS) 1 . However, the models have not been validated in an external data set. The purpose of this study was to assess the validity of those predictive models in an independent data set.
Methods

Study Population
Two hundred ninety-nine patients from the placebo group of the National Institute of Neurological Disorders and Stroke (NINDS) rt-PA trial were used for the validation analysis. 2 The NINDS rt-PA trial population has been described in detail previously. 2 Briefly, this was an ischemic stroke population treated with intravenous tissue plasminogen activator (tPA) or placebo within 3 hours from symptom onset. Only the placebo group was used for this analysis because intravenous tPA is known to improve clinical outcome, and the predictive model being validated was designed to predict outcome without an intervention.
Three hundred twelve patients were treated with placebo in the NINDS rt-PA trial. Thirteen patients were excluded from our analysis for missing variables: 6 were missing 7-to 10-day CT scan infarct volume, 5 were missing stroke history information, and 2 were missing diabetes history information. The remaining 299 were used for this analysis.
Independent Variables
Baseline clinical information including age, National Institutes of Health Stroke Scale (NIHSS) score, 3 history of previous stroke, history of diabetes mellitus, and history of prestroke disability were collected acutely. Infarct volume and stroke subtype were collected at 7 to 10 days after stroke onset.
Outcome Variables
The NIHSS, Barthel Index (BI), 4 and Glasgow Outcome Scale (GOS) 5 were used as outcome measures 3 months after stroke symptom onset. Each was dichotomized into excellent outcome (NIHSS Յ1, BI Ն95, GOS ϭ1) or devastating outcome (NIHSS Ն20 or death, BI Ͻ60 or death, GOS Ͼ2) as previously defined. 1
Statistical Analysis
The previously defined models were forecast to the study population using the previously defined weights. Model discrimination was assessed using area under the receiver operating characteristic (ROC) curve, which was computed by a nonparametric method. 6 An area under the ROC curve of 0.5 indicates no ability to discriminate and an area of 1.0 indicates perfect discrimination. We prespecified an acceptable area under the ROC as Ն0.8. Calibration was assessed using calibration curves. 7 The perfect 45°line demonstrates ideal calibration. The closer the model calibration is to the ideal line, the better the calibration. Hosmer-Lemeshow tests were performed to assess whether the models differed significantly from perfect calibration. 8 
Results
The clinical and imaging characteristics of the validation population are compared with those of the original population from the RANTTAS trial 9 in Table 1 . There were more blacks and fewer whites in the validation population. The validation population had substantially more severe strokes, as demonstrated by higher NIHSS scores and greater infarct volumes at 1 week, as well as worse outcomes when compared with the original data set.
The models' ability to discriminate outcome, in both the original and validation data sets, is demonstrated in Table 2 . In the original data set, 5 of the 6 models had excellent discrimination above the 0.8 level. The validation models demonstrate very little decline in area under the ROC curve in all 6 data sets and demonstrate excellent discrimination in 5 of the 6 models.
Model calibration is demonstrated in the Figure. Five of the 6 models have calibration curves that are very similar to the line of identity. The excellent outcome as measured by the NIHSS model calibrated less well and predicted a greater probability of excellent outcome than was observed in the validation data set for most of the range of predicted probabilities. For example, in the calibration curve "Excellent NIH Outcome," at a model prediction of 70% probability of excellent outcome (fourth point on the curve), only about 40% of patients were actually observed to have excellent outcome by the NIHSS. HosmerLemeshow tests of the calibration accuracy indicate that 5 of the 6 models were detectably (PϽ0.05) less than perfect, with all of the models tending to predict better outcomes than were observed.
Discussion
These 6 models have now been validated in an external data set. Five of the models have excellent discrimination (ROC area Ն0.8). The model for devastating outcome defined by the NIHSS (ROC areaϭ0.75) likely discriminates less well due to the small number of devastating outcomes in the model development data set. Five of the 6 models appear to be reasonably well calibrated, as shown in the calibration curves. The Hosmer-Lemeshow test demonstrates that these are not perfectly calibrated but the calibration appears to be adequate.
The validation population clearly had more severe strokes as demonstrated by both the NIHSS and infarct volume. Although the model discrimination was affected little by this, the poorer calibrations in the 6 models compared with the original models may be related to this difference. The fact that the models had such good discrimination and adequate calibration in 5 of the 6 models, even in such a different population, supports the generalizability of these models.
A predictive tool that would allow an accurate prediction of individual outcome at 3 months could be very useful in clinical research. The great heterogeneity among stroke patients may contribute to difficulty identifying treatment effects in clinical trials. 10, 11 Heterogeneity in a randomized clinical trial is mathematically expected to result in an underestimate of the treatment effect. 11 A predictive model that could adjust for heterogeneity would allow a less biased estimate of the treatment effect and demonstrate a larger treatment effect in the same sized sample.
The small number of subjects and least frequent outcomes in both data sets limits how well the models can predict outcome. These models are also limited by the fact that only 5 of the 7 variables used in the prediction were collected acutely. Infarct volume and stroke subtype were collected at 1 week. Although a prediction of 3-month outcome is still valuable to the clinician at 1 week, this limits the use of these models in acute stroke clinical research. The dichotomized outcomes, though identifying the extreme outcomes (excellent outcome suggesting full or nearly full recovery; devastating outcome suggesting nursing home level disability or death), are not designed to predict the clinically relevant recovery levels in between. These extreme outcomes using the NIHSS, BI, and GOS are most useful in the clinical research realm in that they allow more reliable comparisons of standardized outcomes. These models, therefore, function as the proof of concept that predictive models can be developed and then internally and externally validated for the prediction of 3-month outcome. Future models must now be developed using variables that are all available in the acute setting.
